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(54) TELEVISION TUNER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
universal highly integrated television tuner. 
SOLUTION: Input signals are supplied to an RF 
attenuator 102. A tracking LNA 103 supplies the 
signals to a tracking filter 104. The filtered 
signals are supplied to a 1st frequency changer 
105, 108 and 110 which perform up- conversion 
to a high 1st IF. The resulting signal is filtered 
before being supplied to a 2nd frequency 
changer 111 to 120 performing down-conversion 
to a conventional 2nd IF. The resulting signals 
are supplied to an AGC detector 122 and 2nd IF 
filters 124, 125. The detector 122 detects the 
signal level upstream of the signal channel 
filtering 124, 125. Both frequency changers comprise image eject mixers 105, 116 which 
receive local oscillator signals from tunable local oscillators 108, 1 14 controlled by hybrid 




mash fractional N phase locked loop synthesizers 110, 111. 
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©#2>:3>^-^3>£JltTU S#?3ft/£**>* 
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tt0ffl<Z)0 2 4>CD2 2 2^3ftfcfc<D4EI«<D*-f 
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o o offl©w©T*r*3^fflSKH«©«*^to-e3W 

Ct*i»SFl + F2RCJfF 1 - F2©»a©; ^»<D 
2^tBS^iB«^#«E*rS 0 fi£oT, * 1 © I F y a to 
£40 4 © miSCD, 5 t^Rtf h ^ v * > ?ffi$»tf if! 

« (fra-rsi*) (Diiftmamf-^ a^3 

4^3ti/cT^rcD*B5^iHS«, A*?£ 
«^ft(c t>fc 4 ffl»W fc—jetc fl» u ^ «c J: o r— * 

30 - ^ a ><D T - * 7" * ^ V cfc 9 *> I ^8b tti»3i 
[0 0 15]B^ SI4«, CCDT-^f**^-i-CD^jx 

-^«c*iir»fiW«c»«3nri^*aM^k©u^u* 

SRMS4 0 3, 404i, SB 2 OAttS^KS 4 0 
7, 4 0 8 i, is>telMir 4 1 0M4 1 1 i#feffig 
4 0 9i x m*iS4 12,41 3Rtf4 1 5 i, 9 
* 4 1 6 , 4174, ffliES4 18 4, ffl#{bg4 1 9 
40 ±Zffi?Ltc, 7o©«aiB*«S!WK:ilitir^. 

[0016] Ifi^fr^^fUt^a^^-v 

. «Hwi»r*sc4«:s#rss4:«ttitt. fu^ 3 > 

4 * tca^cor ^ay* + >*il. ««A L tttlM-4 C 
4i*©3J©cii(cj*rSi^Stt«, ^-^Mi 
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K*tUTf<ri?ffiffl*J<i: 9 AiH>. 

[0017] imztitc^z hRo'^-/xtc^-r-5»s* 

jft«casic-5*r. *tA3tt£/c&©3 

£kfc6>l./c„ COCiOMB, *H#fF^5. 7 3 

7, 0 3 5^i*iMf6, 1 7 7, 9 6 4-?©BJ3Jffl 

a T^3>A-y 3 >$^ ^©WSK^a-fb Stitch 3. 
Z> * 7 V a > K T Z> tc & © 3 £ ? $ U tfffi £ tiSg L, X C » 

£„ Lrt>L£c#6. *©«fc 5 KifflKtcfllBHI: 3 n/ciia 
«. —IKK. s^"Cfj:l,Hi<!:^<©m*^?i9-r^ 

*>. y*ju^p3ftfcfs-?K*hrs;F 
-HUMMI-'-fXttlB. «Lb«EO«©«:»l/-C^+»a 

£©5*s©4>£c< ti> i-54IfeTCiK*SH"S*<D 
l,>Tftrt>-e*£. 

[0018] ^(OilllRJBift^a-^CCftsaileDWtt. 
3@4WrtfM&H)fl2 3 1 30O8f. i^S^fcHM^ 

ram 2 0 678 65-?. %B4$n : tiin&nflr2 0 5 8 5 

0 0f, *B##rm5. 2 0 0, 8 2 6-?. *B#f*pJfl 
4. 58 1, 6 4 3-?. ^H^ltl^ 5 3. 2 6 4-?. 
#H«#riS6. 1 7 7, 9 6 4-?. ftBftffKHe.. 11 

8, 4 9 9-?. *a#l^5, 2 0 4. 9 7 2-?. *@ 

«an=i»4 , 491, 9 76^, Rzmm^mmm^mm 

2 2 9 8 7 5 0-?©^«B§KBg^3nn^. ftffla v 

4. 4 9.1. 9 76-?. SRittin&nWOSrO 0/6 9 
0 7 4^, WOf9 9/3 1 8 0 7-?. WOSH9 1 . 0 
7 8 24-?, KmftWfmb, 0 5 5. 8 0 2#©9MI# 
<t. TT. A. D. (T. A. D. Riley) ffe, 

"7 7 * f a T^UN^igUt^KteW ^r^U * - S^V 
^iO (Delta-sicjna modulation in fractional-N frequ 
ency synthesis) " . IE EES**— ^Jl ■ • V ') 
■y FX-f-- r • tf- + •> (IEEE Journal of Solid-St 
ate Circuits) . 1 993^5^, ^2 8#, IB 

5-?. p. 5 5 3-5 59J i«C^ntt,>5. 

[0 0 1 9 ] *Bt#f¥Sfl6. 118. 4 9 g-?<h5tH4$ 

mmm&mmz 29875 o-?©Bjwffl»«. 

*)1><D7 a 'j>^©TffiffllJ r D-A) © 

fcTi? a >SW^ A ;U 7 >>;4-©fl-?©fcS>© £ -/ V^r-e- 

n^n^urc^. kpxk. ?-^-^-©fim«. sft 

ftUffli § ft . jiiR 3 ft ^ + > * ;HiW-©fi ^ L"< ;UK J; 



(6) ftffl 2 0 0 3 - 1 3 4 4 1 1 
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-5 T t*£K fcjKgas* * W ft I > . 
[0 02 0] 

[ISSM^^-rSfc*©^©] *^BJ©^1 ©SI1SKJ: 
fttf. 8SW?ft/cl»^lKS*3ft/ccfc^ftf-Uty 
a^^-^ffi&SftS. 

[0 02 1 ] **9J©lH2©a8«Mc«tti«. i^Sft/c 
»*Jgl 4KSII3ft/cJ:^ft7-WK'ya>^^-^^ 
SttSftS. 

[0022] ss^$ft/dte©it*31K*ji^r. *«w© 

10 »*U»*«0tH»JW£*«*ttS. 

[0 02 3] Se-?t. ttlftttJO^-^l/Si^ifti^f-U 
try a>©^iiiK>pfL.T. ^^jvs^r^-ci^-c^ 

-jmth, @K»«©^3ft^*t6wrsci-c. # 

20 

[0024]*O<l:^if a -ttt, (bulk) 5> 

'J3>l(ji"j3> • Jj"> • -O^j. U-^f (SOI) 
a^^fflU/cB i CMOSX«CMOS&ia£m>-C3l| 
SI3ft.5>C<»:^Dj^-C*.?» 0 ^^.-^tt. '*>\> 

g3ft^»Ci*5pJ#g-C*.S 0 
[0 02 5] *%9Jtt. 8SftHBS«^tfe0V6 Lt#IL 

rse-KittB^sns. 

[0 02 6] 

30 [ mmmm<Dim ]i6K^nfc?a-tiou, 

^©y-^A>6. T^a^XfiT 1 ^ y^-iu©^^©^ 

©atS^^ffil^cf- U f y a >^-?X«fte©-7Jl-9 : -y 

^.«^g|5©7 -< >; >^€r/hbr§m^-5yc:St>©3-^ 
©A**«*r«,»4. BBK^^ft/ct^ftitei^U 
tf^a>fI-?©tB£Ktt. A^Jtt. VHF 1^, VH 
F3» RC/UHF 4/5^ilS©/ca6©4>©f *€>„ 
40 y-^l/CT^y^r-i'a^tt, ^p-K^>F©* 
- ^Jbfi?©^<*?rSfIt- ^.#-©A^*sffiffl^Ifig-C* 

[0 02 7] ±IB3 o©A*«. j®^ftA^»5jS^sn 
•5C4*pI*BtC-r*. A^vjU^yu^tf 1 0 lKSi 
3ft-Cl^„ v;u^7"b^1fl 0 1 ©da^«nJSjl^li 

i o 2KSisti, ±iBpf^«ssi 0 2». m«. 

«^©Siftfte«JX 7~ -j y'X 0dBi24dB ©H©j^fi 

^mmt^jz^K.mmstitc, lapg^K^b^ft* (^ 
so 2«. ^si o 2ic£~>xmm2tizmm*:mwrz 
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tc&<D, ? v 7±<pfflw*x i 3 7 husks nn>4. 

[0 028] 1 0 2 OUJ^tt, J*tt(C|B»Ofiai 

4 **T 4 , h 9 v * > 4/<BKI#« 4S8 ( T 
LNA) lO30A*(Ci^ntC^ o JtlST L N A 

•tt*fc, «»|A«-€*cDffi^f*-t>K:tei^r k ax l 3 7 
fc^UTWflPJtttt:? ^;l>*y>^£ffl#i£A/Cl>4o 

mm&i o 3©a*tth^y*>^»«iia7-f i 

0 4(i^ 1 3 7*>63«fi#£§{rr4o 

0 4 <b, TLNA10 3*©:7 4 )l>$ V >#±U, 'Ptl 

< t k&motc&icmiRz ntc* * >*)\stwm? 4 ^« 

#*S»-r*J:5«:«l»sn*. 7^Wio4tt 4 
* ^*WElB(D»R±K:«l8lffc Stir 1*4. 7 -r »; 

[0 02 9] 7^^104<!:, TLNA103*(D7 

gmwtcmfflztizy xkm±2o 

§£Wr4i£— cd? ;U£42^>3>#, :/n-K'0 
4„ *tiCcftbor\ tm®Att*BH**''<-U ± 

fcfcT>&4 e 

[0 03 0] Va^ZI 0 4<ptii;fctt. 

i o st. mzmtmi ost, 4 vw^u » r 

mash ^^v-^^^^^^s^^Nfi+Bci y 
-:/^>-felMlf 1 lot, 7tuy/fr^i^S 
S (ADC) 1 12 4%«*fc»l©jai«SBaailS«c« 

>*>Wfim 1 ©BJES tite*BUH«»«c«»3n4 J: 5 

^^;i/-^»-feif-rif i io^ &mmi 0 8*mm 
fixkSicrtz i 3 7 4/rur*0ffl)3ti4c<br, ±is 
«R3hfc**>*A>«:. tt^rffiffl^n-ci^t^ 
i ©*pjjaisa»* s ieas-nTt»4 i . i 

GHz^61. 4GHz*r©|BHCC*5C^Sg*<OBfa 



(7) ^2 003- 1 344 1 1 
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©*rajg«$wc^8S3tt4. adci i2«. -»-fei^ 

-Ylf 1 1 OKcfcoTJMWSSSl 0 8 &c{fet&3ft48« 
JtJS-r^f"^ ^*;U3- Kfc^ftO, cht^ 
X 1 3 7&Cgy£T4o 

[0 03 1 ] ^^-^ii^t«r»l©^tl 0 5 

4^^X2iC/ff*©»#*5+1f(Dffl**c»aEO. CCD 
C£tt*A~*©y4Xtttt4(8T3-£&. S/c, 5* 
10 If 1 0 5©a*CcteW4JfAOfcSI*l>< tt^x*^ 

-is, i o£U:©»»n^f - ^{c»s y-ft 5 ^ 

[0 0 3 2 ] 5*-^ 1 0 5(DUl*tt» »«±«:»fiR3n 
/c» 1 CDWajaiK^ -f^* 1 0 6Ctffij&3ft4, 
* 1 0 6»««Oj^CCJRL. ffi«<Z>»fSiStl&aB»W 

^ -f j^* i o 

20 6tt, »l<D*IBJH^CC*»SBfao^ + >*^<!:. 
jfflWStofc?** >*;l/CDMffi'J<E> 2 -OTSM4 ocd^ + 
;ud <fc 5 & l> < o^CDIRJf "T 4 * + > * ^ 1 4iiiS 3 
4(Dtc+»CcEl»— 1 0 5^6CDW^ff-^ 
(C*j W 4 f&(D*r-<T CD ^ + > * Jl/ 3^4 

[0 03 3 ] ^ 1 0 6(DttS*«, ^CCHfl^>f 

0^10*BIS«7 -f 1 0 9te«tt3ftTfcJ:lr>. 
W^.(f, 7>/;^l 0 9tt, "fe7^ ^tS^ (cerami 
c coupled) ft«SX{*«ffi»tt« (SAW) fM-f* 
tCj:^r^J6SnrfcJ:< . 1. lGHzil. 4GH 

T4^+>*^i*aillS-tt, »i»gl 0 736>6©IH* 
ff^C#«ET4fficDT^rcD^i'>^;U4, m«4 0 
d B£HE-(Dd: 5 fi:^ + >* Jl/CDtB*fWtt«SEB*»«-r 

[0 03 4] 7-/;l/^10 9<Dm*«*«I51B©fc5 1 

7Xf-^XB»iSl l 5©A*«:«iK3*i-cl*4. 
ifitlgl 0 7M1 1 5tC^4. -Y>t-y>^<DJ:5 
50 &ffi*XtfA#«fttt<t, *tjf#<t«. 7^^109tl 
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£«U 7 ^*©»A*££ffiirr*fcto£iii^-r* 
^.t^KMSni.. JSl©tflHIJH««*c*jtJ4J:»J4> 

l o 9«*BS$nr4)«t< . «*IS1 0 7©lB* 
i i 5©A^?«:^5nr. ks i (D^mmm 

[0 035] Zt— V 1 1 5<DW^«. ^SBUJiH 1 1 
4<t, "jsJ7V v K" mas h i/^v- ffrZy ~> 7 
^3^;UN{ifgO? ?;l/-7*->>-fe-!Mlf 1 Hi. A 

l>4. 1 4tt, B*HRWS£tiffi©»«IB 

»sfi#* . mmmm& quad^timqs 
+•9-1 i etc^-rs. 5*ti i 6©m^«. dd^pj 

ttft IRO'Q*Uf#7f— i^l 1 7©AA«c«Sl*3ti. ± 

ta i RUQmn^T--^ 1 1 1 ©fijf#«^'7 137^ 

LTtlJt3PpIS6-C*-So 7-r- 5*1 1 7©m#B l#t© 

;i/ Hftfflj^ 1 8©(ti^j«, ^tjwis^f- 

1 9*^-orjn»»i 2 OKgBttSivci,**. 7 
^#1 1 8©i$tti, nmsi 2 0(cgjjnstisis 

[0036] ^>-fe-y--fif 1 1 1 ummstift.fflW8k<D 

#3 OMHzibOMHzWIfijrjliRSftSCi^Bjfjg 
cc-r-2>o ^(c. g-n ^•©•f-ufcri?3>^usrete, ® 
2©t»lffl^iS»B— J$K:3 2. 25MHz£39. 25 

MHz©nr«i4©(caLt, *tit;-r£#ffl©*js*w:. 

HttK. m2<Dtp?$fflmk*4 2. 55MHzi48. 
2 5MHz©iKL-Tt,>4. V>^1t^^ 1 1 1 £®S 

tefc^ffii;©^©*^^**. ?*.-i-<Dry<)>r 

[0 03 7] ^2©-Cy-^*S+-9-©Ui^«. *« 
ffiX(iA 5 7rXf-yi 2 1 ©A# 3ft. ±ie 
3NB8 1 2 1 «. 1 -3K±fflf2©ifriS!fi7 -r Jl>7£ 

2 i <omt)\t. 9 v 7±©m2©*rajgi^7 ^J^12 

5£, ^aB©»2©ipW^7 1 2 44C*tf 5» 

IR©S6tt»i(cSSI*snr«,>i. ^^7±©7-fjb^l 
2 5«@S2ft/c#tt£W-r£©K:>tfL-C. ^ y 744© 
7^W124lt ?-^-^©^FS©T7*'J'y->'3> 

©^^fticfieo-cjiiK^n-sciASDj^-c*^. en 
?>©7 4 )i $©€n-?n«. »f2©m 2 <D<pmm&&K. 



C8) ^200 3- 1 344 1 1 
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LTiUaS-ti-SjliS^i^WL/. ^2©^jgi^8SS 
©UH -^tc *$ w S ffi©f © ^ + > * ju SrHMW «: 

2 5©tU#«. Pl^WfifltaSl 4 0?:Mt, T7' V 

«^ ? 7*±©7 ^^i2 5(t mittGBBmaymmm 

*^©m^i-^©^tc^c>r. ^ + >*ju©7 
io V > ^sf ■< y ^ ^Kte^T^T 3ii ^ ir-7 
;l<3^-:f-©J; ?t£&<<DT7'<) *r-Ua >tt*f UTW: 
+#-C£>£. iiU:-$7-uey3>©<fc5&<fc9g:#©# 

7%©7-<;U$ l 2 4*JflefflStiTfcJ:C». 2£K«8tia 
8g«, 7<W1 2 4©m^K*J-rSS^S|J©fc»©A 
MfO, COAAB. liJSEfUfiMWH* 1 2 6£(t«j/< 
•;7rl 2 7£4/HT, ^ -^©^©fcb^CjgMS 

nr (,» i : 0 6 k:^ 3 tot J: -5 tc. oj^jff IMS l 2 

^gpmEEVa g c*SflH"4J:7«:«t»3tirt>&. if 
ifsSi 4 o©f!lf#«. iio^StawtittJ;!,'. 
[0 03 8] ^f—i^ 1 2 1 (DmtiU. ff#©tgifaXB 
U^^^r^tHU. ett*iJ?#»5rffi«-r^fc©©^WH 
1 2 2(C«ttS*tt:t»3. ^W^l 2 2tcJ;-7-C^m$ 
n/cU-^JU«. f<yfJl/-7tO^S12 3K:« 

xii o 2©»*&$w-f ■Scfco&c. rnz-t < v z 

30 ^=J-F*/<^i3 7K:«ier*. 0*»0&a*6. s4W 
ffl (AGO 1smififfi%BlfflZ.Tj:Z>&'>1<C^ ;U 1 3 7 

0 2 ©3HlflPA2J »T^-feXpf#6-C*S„ 

[0 03 9] 41? 1 1 0M1 1 1«. ffT 1 

^© 2 0 MH z *S 1 4 1 (cS^$n/c7K B H a $IJ®^tgS 

1 1 «ii©Jl^a*4ti«3nSo 

B,. ^'7. 1 3 7 *^-br«l8PStxS. ^5- 7±©SS14 

fiW h s >^g l l 4 *a«snrc»4. «Ftc, s 

40 «4^©Mtt(3:. 1 3©JH«afctC»L.T h 'J 

5 > yx«7 5 -C> M > h *HS^^ S «fc -5 «: 7a A 

[0040] ^tenanissB. *©±tcas-fe>it 1 3 

1 3 6ttg«©jafi£*r.=-7'J>7*U ^g)57 4 

JU^f 10 9©J; 9&$gTrsW D n o©&K©iUr;g&4>-$ 

Ma$iJ^iig ma, 7^wio9 (Dtp&m 

50 1 1 3 1 tt, y 4>\>*>\Q 9<Dtp.bmi&8UC*nm*fr 
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tti»b*>««-r*J:9«:s/>-bif^if 1 10M1 1 

[0 04 1 ] ^WmMKit. 1 3 7 teSNKSftfc 
7>^7^txy^'J (RAM) 1 3 3 <hK^WL/# 
/fM^'J (ROM) 134£^n^ B RAMI 3 

W>F7 7^^^W5. ROM13 3it ffe© 

O&O'l 1 1 CDU^X^f^SO-r^Tct 0 tetfLZ. * 
* > * <h fflff-T £ C <h <D2h £i#g it^* 
[0 042]SS»SW«^ ^a-t^ 12 
C, xy-7^+ (Three Wire) JfrXf-Jfo- Y *-X© 
J: 5 fcfi£^©*ffiSa*fc <fc o r M» 5 ti £ C <h £ oJIE 

ccr*. 3 4Mi 3 

5fc«*.Tl>4. *RfK\ -(>^-7x-X134M1 
3 5B, rt^VWA 1 3 7 <b^P^Ur;U>'^XiCDPa 

[0 04 3] ±j£3ft/c<£ ; 5K:, SKDtBM^^l/ 
7 -y ^£ 1 0 9*a»< o#>©^ + >*;l/£ii. 

«^^y>^sn/ct^u^nt 7^*12 sec 

cfc-^r, 7^^124 (#a*T€><b#) Wot, R 

>^©_k«fflij (T vzfX h y-A) X»BJI8«:#SEr 
-So &WS1 2 2«:j:or*Hl3ti«>ai««, 

{i#U"<;i/<t, «FCc»«gl 0 3(DA^tctew^fi-^u 

2«. ifiHSl 0 3 ©A*K:toC^I3&if 

3 >KtEo r 7 =y -is* > h *SfioJflBr*S <fc 5 CC. 
3 $ ?* a*»BS^ f — ^©*0»«^a a »\mc 3 
ft£ e «Atf. 19*1111 1 7©ffl»M\ 137^ 



(9) 2 0 0 3 - 1 3 4 4 1 1 
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t&HSli 2 2«Cctorl*a3ti*m-9u^tt. ^ 

$<SI?n/c (well-defined) jS^fe 

AGcw»*j**jSfflsn*ci*^ittr*s. «*. 

«, AGCSSBOT * ^ 

[0 04 4] «WHS1 2 2tt % nJSfUEMt MS 1 2 6 R 
10 VI 40©J:5tt. ffl©3*3'*«C3pJf#^'f---^«rWW 

ncim^ 0 — flacc sssi 02© M «:gr © 
Wl»«AGcww*ffi^<fcoriitT3ns©cc3*ur % 
ffi©xf-^i "agar $ijwcstjs3nri^ 0 

i^t, *t^rr4A*«#u^^«:*rur. MSI 2 

1 0 3©A*tcfe^Sft^u^i/*iSa'rsJ:^«:«S 
SI 0 2£$fJfflJ-f£o «881 0'2^cJ:o-C^«3n^ 

20 t&tigl 2 2^l^'Cffe©Xf—> ; ©^Jf#^®MU 

r-r p ^ * >*jKDc^-j*ti3W*(i 3 n& &©r 

*\ ^*-^*iil6±«X«^-^©t^ti(D^ 
X^A©/c&©4>©r&&#\ t^^tc^a-^OT? 

tfifc^a^Adft***. X«*«HI8teett3ft;fc« 
hSC i^ttt*S. A 
GCSJU;^^, ^2©*BJa?e^ ^>»1/^ 1 2 4X& 
l 2 5©A*^c#ft-r^ + >*;u<z>) 

30 A#3^, StR3n/c^i*>*^Qg!il3©^>r^cStL 

[0 04 5 ]«Lh«flt45iO, loJ:H^<0f 

^fiHSE-rSft^tt. Hl«c^3n/cJ:^ttJ^l©ttH 
fc»*catR3nSC<b*i*S*i, ?~—f<Dl^lH±<D 
©KS-T ^> >*Jl/XBifi«©^ + >*;Ui i 

*© 3 * & x f - ^(cffft O te J: 5 &*»Jf#«jg4iS 
50 O i> < o^©^ -t- >^ ;i/tc4dC^ £^!t©fi-^.x* ^m 1 "- 



(10) 
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[0046 )^1 RCf»2 OA%«^|IS<DA8P^iS 

110, 1 1 1 4<ZH»r*lfc, 10 

#w«na#fj»ts hat*, ^ccaia^bsti/c. ran 

3ftfc«MMfl*.?l>&. * 1 <Z>f£fSIS 10 8, 11 
Ott, 1. lGHz^62. 2GHz gr<D|H)fTOH£ 

^> F»«Sr*4. f&2<D*»Bl 11, 114BJ: 

Ei^i^i^nSo 20 

v h 9~*te*Jlr>TflH>6nS2 5 6 Q 

«*>/E^ttiK«fefrtt2 5 6 QAM (SSaMKII) fc 
[0 048] 6«C«lft3ti4»« 

/ceto »»HiSa»3&siMHzr*i£*B, M 

ai3n/cS!gttlMHz©fflS»r*0 % ^<Dfc#p]t®K: 
*5W4ft/jN©*t»©X^^^-rXfe*fc lMHzT* 
& 0 COCite, o>< -?*><or ^"U^-^a >t t 01 

wt r 9 2 oMKHaiaiiBccM ur H»r 

jRfc, 1 MHz Sfll<D»££10 
842GHztC|H)iH-r^i#«:2 0 0 0 <fc 



^fM 2003-13441 1 
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1 3O{4tB>^XJ:0 fc*Slr>6 6 d BfcftJfigT&o ± 
1 3CD141IBO:. AMWCCtJ- 1 5 0 

is»w*ffiffi> r -fxit 2 5 6 QAMfi-^oiaiEJEcsm 

©fcfeW^Dta^t**, -150 + 66 = -84 

[0 04 9] ffot, l/>-fe*-f1f 1 1 0RCM 1 1 
tt, 20MHz* H H H 141 (0»*r*tiJB*«OJ:fc«ll 

•fe-y-Yif i i omi i ltt, ^f^jf^^y!? 

Km a s h^^^Va^Jl/N2x>^-rif-C*4. 

[0 0 5 0] £e3feM<D7^^V3 :*Vl/ISh»*feU* -flfCD 

f r ;i/^^'7^^a^;UN^>-fe^^if«, ^^7=;!/^ 

[0 05 1 ] 1 0 0 0CD3 9 9 ©J; 5 tt<fc 91B#r«:& 

^CtI«:ffi«3nSCt3^fiBr*4. 10»(D4(D 
^»<fc 1 0 0 0»©3 9 9CD^i(Dffl<Dll^ 2 0M 
HzCDirt^S^ffl^^nrC^i^CC, 2 0 kHz (D 
i»ffl«Xf^7^gl t ^fS(DmiRO'm2(D*W 

[0 0 5 2 ] ±a3ftfcJ:5tt:. -^<D 1 ocDHiS 



(11) 
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TELEVISION TUNER 

The present invention relates lo a television tuner. Such a tuner may be used to receive 
any type of signal, for example from a terrestrial or satellite antenna or a cable 
distribution network, and may be arranged to receive signals having analog or digital 
formats of many different types. Such a tuner is cable of being embodied with a high 
degree of integration such that most of the circuitry is embodied as a single integrated 
circuit with very few external components. 

Television was first developed for the purpose of transmitting signals representing 
moving pictures and accompanying soundtracks produced in an analog format generally 
using amplitude modulation (AM) and frequency modulation (EM) of radio frequency 
(RF) carriers to transmit different channels , each carrying different program 
information. The appropriate frequency spectrum was allocated and licensed to 
broadcasting companies operating in different regions of the world. Typically, three 
allocated bands evolved across the world, namely VHF1 between 50MHz and 90MHz, 
VHF3 between 120MHz and 220MHz, and IJHF4/5 between 450MHz and 900MHz. 
The spaces between these bands were Licensed for other services. The television 
broadcast bands were subdivided into separate carrier frequencies separated by the 
channel bandwidth of each channel. As television developed around the world, 
different countries and regions adopted similar but unique frequency bands, channel 
bandwidths and carrier frequency plans within the licensed spectrum bands. Channel 
band widths of 8MHz, 7 MHz and 6MHz were adopted in different regions of the world. 
Initially, signals contained monochrome information but subsequently standards, such 
as NTSC, SECAM and PAL, were developed to provide transmission of colour 
television signals. 

Television signals were first transmitted from transmitters through the air to local 
receiving antennae and this is generally referred to as "terrestrial off air transmission". 
Further development resulted in the transmission of similar forms of signals over cable 
distribution networks in the spectrum 50MHz to 900MHz. Although similar 
modulation formats, channel spacing, frequency spectrum and carrier allocation are 
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. used in off air transmission and cable distribution, the transmission characteristics of 
these systems are significantly different. In off air transmission, the received signal 
strength in different channels can vary significantly according to the distances from 
different transmitters. The number of received strong signals is usually a small portion 
of all available cliannels but the ralio between weak and strong signals can be large, 
such as 40 to 60 decibels (dBs). The commonest reception problem is attempting to 
receive sufficient of a wanted signal in the presence of large unwanted signals. 

In cable systems, the received signal varies by only a few decibels across all available 
channels and the received signal strength is often much greater than that which is 
necessary in order to ensure quasi perfect picture quality. A quasi perfect picture is one 
that is judged by a viewer to be as good as that from a signal haying an infinite signal- 
to-noise ratio using the same format. For analog fonnat colour television, this occurs at 
signal levels having a signal-to-noise ratio greater than or equal to about 50dB. Cable 
reception often presents the problem of coping with much more unwanted signal (in the 
non-selected channels) distributed evenly across the entire spectrum. 

Figure 1 of the accompanying drawings illustrates a typical spectrum allocation for 
cable and terrestrial television signals together with an indication of the relative levels 
of cable and terrestrial signals at the input of a television tuner. In particular, this 
illustrates the relatively constant signal levels of different channels in a cable 
distribution network as compared with the very large differences in signal levels in 
different channels received by a terrestrial antenna. In order to cope with the different 
characteristics of cable and terrestrial signals, two different tuner architectures have 
largely been adopted with dual conversion architectures being used for cable tuners and 
single conversion architectures being used for terrestrial tuners. 

Figure 2 of the accompanying drawings illustrates a typical example of a single 
conversion terrestrial television tuner architecture of conventional type. Signals from a 
terrestrial aerial 200 are supplied to the inputs of three fixed band-limitiog filters 202, 
203 and 204 which pass the different parts of the television spectrum to three "front 
ends". The UHF 4/5 band from 450 to 900MHz is supplied to a tracking filter 209, for 
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example of the type illustrated in Figure 3 of the accompanying drawings. The output 
of the filter 209 is supplied to a mixer 225 which also receives a signal from a local 
oscillator 215. The oscillator 215 has a variable capacitance diode 212 controlled by a 
phase locked loop synthesiser 201 provided with a crystal-controlled reference oscillator 
208. The VHF3 and VHF1 bands are supplied via tracking bandpass filters 210 and 
211, respectively, to mixers 220 and 227, respectively, having local oscillators 216 and 
217, respectively, provided with variable capacitance diodes 213 and 214, respectively, 
and controlled by the synthesiser 201. 

The tracking filters 209, 210 and 21 1 are of relatively high Q type and are aligned 
during manufacture so as to track the frequency of the corresponding local oscillator 
215,216 and 217 so as to remove as much unwanted signal as possible and to pass the 
selected channel to the corresponding mixer. Each of the mixers converts the desired or 
selected channel to an intermediate frequency (IF) which is typically between 32 and 
40MHz or between 40 and 48MHz. The mixer outputs are connected to a variable gain 
IF amplifier 21 8, whose output is connected to the input of a further amplifier 219 
which provides suitable matching to an IF filter 220 of bandpass type. The filter 220 
has a passband, which may be suitably shaped according to the modulation standard of 
the received signal, which passes the selected channel and substantially rejects all other 
channels. The output of the filter is connected to a further variable gain amplifier 22 1 
which provides impedance matching and gain to compensate for the insertion loss of the 
filter 220. 

The output of the amplifier 22 1 is typically supplied to a block 222 containing an 
equaliser, a COFDM demodulator, a forward error corrector (FEC), an automatic gain 
control (AGC) circuit and an analog-digital converter (ADC). The AGC control circuit 
supplies control signals to the variable gain amplifiers 2 1 8 and 221 to control the gains 
thereof in the conventional way for providing automatic gain control. An MPEG 2 
decoder 224 may also be provided. The output of the amplifier 221 may alternatively or 
additionally be supplied to an analog baseband demodulator 223. 
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Figure 2 illustrates the degree of integration which is conventionally achieved in 
terrestrial television tuners. In particular, the tuner shown in Figure 2 comprises six 
separate integrated circuits and a large number of external components. The integrated 
circuits comprise: the synthesiser 201 ; the mixers 225, 226 and 227 and the local 
oscillators 215, 216 and 217; the amplifiers 218, 219 and 221, the circuit block 222, the 
demodulator 223 ; and the decoder 224. This architecture requires a relatively large 
number of external components and involves using similar circuit architecture and 
component selection for the tracking filters 209, 210 and 211 and the local oscillators 
212-217. Also, careful alignment of the various tracking tuned circuits is required 
during manufacture in order to ensure acceptable performance. This architecture is 
more selective in the radio frequency section and reduces or rejects large unwanted 
channels before they can interfere with wanted channels because of non-linearities in 
the subsequent mixers and amplifiers which produce cross-modulation and inter- 
modulation. The tracking filters are also solely responsible for rejecting the image 
channel. This architecture may be implemented using amplifiers and mixers of modest 
signal handling capabilities with low noise figures and moderate power consumption. 

Figure 4 of the accompanying drawings illustrates a typical dual conversion cable tuner 
of conventional type. A broadband signal containing, for example, about 100 channels 
is supplied by a cable distribution network to an antennae input 400 and is supplied to a 
fixed filter 401 (shown in more detail in Figure 5 of the accompany drawings) which 
attenuates signals outside the band containing the channels. The filtered signal is 
supplied to a controllable attenuator 402 forming part of an automatic gain control 
arrangement. The output of the attenuator 402 is supplied to a first frequency changer 
comprising a mixer 403, a local oscillator 404 and a phase locked loop synthesiser 410 
provided with a crystal controlled reference oscillator 409. The first frequency changer 
performs frequency up-convcrsion to a first intermediate frequency typically between 
1.1GHz and 1.3GHz. 

The output of the mixer 403 is supplied to a fixed bandpass filter 404 whose centre 
frequency is at the first intermediate frequency and which has a passband which passes 
the selected channel at the first intermediate frequency and several adjacent channels. 
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In the architecture illustrated, the filter 404 is connected to an amplifier 405 whose 
output is connected via a further filter 406 to a second frequency changer. 

The second frequency changer also comprises a mixer 407, a local oscillator 408 and a 
phase locked loop synthesiser 41 1. The second frequency changer performs frequency 
down-conversion and converts the frequency of the selected channel to the second 
intermediate frequency, which is generally between 30 and 50MHz. The output of the 
mixer 407 is supplied to a variable gain amplifier 4 1 2 forming part of the AGC 
arrangement of the tuner. The output of the amplifier 412 is supplied to a buffer 413 
providing impedance matching to a second intermediate frequency bandpass filter 414, 
whose centre frequency is at the second intermediate frequency and whose passband is 
such that it passes the selected channel, possibly with some passband shaping, and 
substantially rejects all other channels in the signal from the second frequency changer. 
The output of the filter 415 is supplied to the input of another variable gain amplifier 
415 forming part of the AGC circuit of the tuner. The output of the amplifier 41 5 is 
supplied to a circuit block 41 6, 41 7 of the same type as that shown at 222 in Figure 2 of 
the accompanying drawings and provided with an MPEG 2 decoder 419 and/or to an 
analog baseband demodulator 418. 

The architecture illustrated in Figure 4 of the accompanying drawings places the image 
channel at the first frequency changer outside the input band by using a first 
intermediate frequency which is higher than the highest frequency of the input band. 
For first intermediate frequencies between 1.1 and 1.3GHz, the image channels are 
between 2 and 4GHz depending on which channel is currently selected. All of the 
signal-handling stages ahead of the first IF filter 404 are required to handle as many as 
100 channels simultaneously and must therefore have high signal handling capabilities. 

There are generally between 4000 and 9000 interfering third order intermodulation 
product combinations, of the forms Fl + F2 + F3, Fl + F2 - F3 and Fl - F2 - F3 where 
Fl, F2 and F3 represent the frequencies of three unwanted channels, that fall on any 
selected channel. There are likewise many second order intermodulation products of 
the form Fl + F2 and Fl - F2 which may also cause interference. Thus, the active 
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stages such as the mixer and a tracking low noise amplifier (when present) ahead of the 
first IF filter 404 must be of very high linearity in order to achieve acceptable levels of 
composite third order intermodulation and composite second order intermodulation 
interference. All generated intermodulation products arc evenly weighted by the 
relatively constant signal level across the full input band This architecture requires 
fewer passive components than the single conversion architecture but requires the use of 
higher power stages to achieve the necessary very high signal handling. 

Figure 4 again illustrates the level of integration which has typically been achieved in 
tuners of this architecture. Thus, such a tuner typically comprises seven integrated 
circuits comprising; the first frequency changer 403, 404; the second frequency changer 
407, 408; the synthesisers 410 and 41 1 and the oscillator 409; the amplifiers 412, 413 
and 415; the block 416, 417; the demodulator 418; and the decoder 419. 

The increasing range of multi-media services available through modern digital 
television formats and the need to be able simultaneously to demodulate more than one 
channel have resulted in a need to reduce the cost and size of television tuners. The 
need to be able to receive and demodulate analog channels in the presence of digital 
channels and vice versa has resulted in the need for increased tuner performance for 
both cable and terrestrial television. Demodulation of digital channels is more sensitive 
to tuner phase noise performance but more tolerant of co-channel and intermodulation 
interference than demodulation of analog channels. 

The desire for reduced cost and size has lead to various attempts to increase the level of 
integration of television tuners, in particular to the point where almost the whole tuner 
can be embodied in a monolithic integrated circuit. Examples of this are disclosed in 
US 5 737 035 and US 6 1 77 964. Each of these documents discloses a highly integrated 
tuner of the dual conversion type and proposes various techniques for making a single 
integrated circuit tuner a viable option. However, such highly integrated arrangements 
generally either consume too much power to be acceptable or fail to meet at least one of 
the critical performance parameters, such as insufficient phase noise performance for 
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digitally modulated signals, insufficient noise and intermodulation performance for 
terrestrial reception, or insufficient blocking of non-Terrestrial channels. 

Further examples of known radio frequency tuners are disclosed in GB 2 313 008, GB 2 
067 865, GB 2 058 500, US 5 200 826, US 4 581 643, US 553 264, US 6 1 77 964, US 6 
118 499, US 5 204 972, US 4 491 976 and GB 2 298 750. Examples of phase locked 
loop frequency synthesisers are disclosed in US 4 491 976, WO 00/69074, WO 
99/31807, WO 91.07824, US 5 055 802 and IEEE Journal of Solid-State Circuits, Vol. 
28, No. 5, May 1993 (USA), T.A.D Riley et al, <c Delta-sigma modulation in fractional- 
N frequency synthesis", pages 553-559. 

US 6 118 499 and GB 2 298 750 disclose timers for television and mobile radio signals, 
respectively, having automatic gain control arrangements which measure the signal 
level downstream of single channel filtering. The tuner gain is therefore controlled on 
the basis of the signal level of the channel selected for reception and is not substantially 
influenced by the level of signals outside the selected channel. 

According to a first aspect of the invention, there is provided a television tuner as 
defined in the appended claim 1 . 

According to a second aspect of the invention, there is provided a television tuner as 
defined in the appended claim 14. 

Preferred embodiments of the invention are defined in the other appended claims. 

It is thus possible to provide a television tuner which meets or exceeds all of the 
performance requirements for digital and analog modulated signals for cable and 
terrestrial television standards throughout the world. Such a tuner may be very highly 
integrated with a requirement for very few external components and occupying a small 
area of a circuit board. The power consumption of such an integrated circuit tuner can 
he made very low, for example less than one watt. 
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Such a tuner may be implemented using BiCMOS or CMOS processes using hulk 
silicon or silicon-on-insulator (SOI) substrates. For example, the tuner may be 
implemented as deep sub-micron CMOS on bulk silicon. 

The invention will be further described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a diagram illustrating cable and terrestrial television frequency allocation 
and examples of signal levels in cable and terrestrial television channels; 

Figure 2 is a block diagram of a known type of terrestrial television tuner; 

Figure 3 is a circuit diagram of tracking filters used in the timer of Figure 2; 

Figure 4 is a block diagram of a known type of cable television tuner for a set top box; 

Figure 5 is a circuit diagram of a band limiting filter of the tuner of Figure 4; 

Figure 6 is a block diagram of a television tuner constituting a preferred embodiment of 
the invention; and 

Figures 7 and 8 are graphs of amplitude against frequency illustrating the generation of 
spurious products Ln an oscillator controlled by a phase locked loop. 

The tuner 1 0 shown in Figure 6 can be used for receiving television or other multi- 
media signals using any analog or digital modulation format from any source, including 
a terrestrial aerial and a cable distribution network. The tuner comprises three inputs for 
receiving different parts of the whole reception band, for example, via external filtering. 
In the case of terrestrial television signals as illustrated in Figure 6 S the inputs arc for the 
VHF1 band, the VHF3 band and the UHF4/5 band. For cable applications, a single 
input receiving the whole of the broadband cable signal may be used. 
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The three inputs are connected to an input multiplexer 1 01 which allows the appropriate 
input to be selected. The output of the multiplexer 101 is connected to a variable 
attenuator 102, for example comprising a stepped attenuator arranged to provide 
atlentualion between 0 and 24dB in a plurality of discrete steps. The attenuator 102 is 
connected to an on-chip control bue 137 for controlling the attenuation provided by the 
attenuator 102. 

The output of the attenuator 102 is connected to the input of a tracking low noise 
amplifier (TLNA) 103 having a highly linear transfer function and the ability to handle 
high signal levels with very low distortion levels. The TLNA also incorporates 
filtering, for example in its output stage, which is controllable via the bus 137. The 
output of the amplifier 1 03 is connected to a tracking bandpass filter 104 which receives 
control signals from the bus 137. The filter 104 and the filtering in the TLNA 103 are 
controlled so as to pass at least the channel selected for reception and some of the 
adjacent channels while attenuating the other channels in the broadband signal at the 
input of the amplifier 103. The filter 104 may be of active or passive type and is 
integrated onto the substrate of the monolithic integrated circuit. The presence of the 
filtering reduces the level of unwanted signals and allows a relatively large overall 
composite signal handling performance to be achieved without requiring external 
filtering components. 

The filter 104 and the filtering in the TLNA 103 may be in the form of step tracking 
filtering, continuously tuned filtering, or a combination of the two. In the case of step 
tracking filtering, for example, the filtering may comprise a plurality of sections having 
overlapping bandpass characteristics with the appropriate section being selected in 
accordance with the frequency of the selected channel. Li the case of continuously 
tuned filtering, a single filter section having a bandpass response may be tunable over 
the whole frequency range of the broadband input signal. Alternatively, several sections 
covering different ranges and with overlapping between the ranges may each be 
continuously tuned and the appropriate section may be selected in accordance with the 
selected channel. 
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The output of the filter 104 is supplied to a first frequency changer comprising an image 
reject mixer 1 05, a local oscillator 108, a "hybrid" mash sigma-delta fractional N phase 
locked loop synthesiser 1 1 0 and an analog/digital converter (ADC) 1 12. The first 
frequency changer performs frequency up-conversion such that a selected channel is 
converted to a first fixed intermediate frequency. The phase locked loop synthesiser 
1 10 is controlled via the bus 137 so as to tune the oscillator 108 such that the selected 
channel is converted to any desired intermediate frequency in the range 1 . 1 to 1 .4GHz, 
where all standard first intermediate frequencies used throughout the world are located. 
The ADC 1 12 converts the control voltage, supplied by the synthesiser 1 10 to the local 
oscillator 108, to the corresponding digital code and supplies this to the bus 137. 

The use of an image reject mixer as the first mixer 105 provides an improvement in 
performance of the tuner. Noise and any signal present in the image channel would 
otherwise be present in the output of the mixer and this would degrade the noise 
performance of the tuner. Also, the increased undesirable energy at the output of the 
mixer 105 would have a detrimental effect on the dynamic range of one or more of the 
subsequent stages. These disadvantages are overcome by the use of the image reject 
mixer. 

The output of the mixer 105 is supplied to a first intermediate frequency filter 106 
formed on the substrate. The filter 3 06 is of the bandpass type and has an adjustable 
centre frequence controlled via the bus 137 so as to be alignable to any desired standard 
(or other) first intermediate frequency. The filter 106 generally has a passband 
sufficiently wide to pass the desired channel at the first intermediate frequency and 
several adjacent channels such as two to four channels either side of the selected 
channel, while attenuating or rejecting all other channels in the output signal from the 
mixer 105. 

The output of the filteT 1 06 is supplied to the input of an amplifier 107 having a very 
high dynamic range and a good noise performance. The output of the amplifier 107 is 
available as a connection of the integrated circuit for an external component and may be 
connected, as shown, to another first intermediate frequency filter 109 located off the 
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integrated circuit. For example, the filter 109 may be embodied by ceramic-coupled 
resonators or surface acoustic wave (S AW) devices and is of the bandpass type with a 
centre frequency between 1 . 1 and 1 4GHz. The filter 1 09 may be of the type which 
passes the selected channel and a few adjacent channels and attenuates or rejects all of 
the other channels present in the output signal from the amplifier 1 07, for example by 
providing a relative attenuation of such channels of 40dB. Alternatively, the filter 109 
may be a single channel filter such that it passes only the selected channel at the first 
intermediate frequency and substantially rejects all other channels. 

The output of the filter 109 is connected to another connection of the integrated circuit 
which in turn is connected to the input of a buffer stage or amplifier 115. The output 
and input characteristics, such as impedances, and the gains of the amplifiers 107 and 
1 15 are arranged to be suitable for properly matching the requirements of standard 
filters for use as the filter 109 and for making up the insertion loss of the filter. In 
embodiments where less filtering at the first intermediate frequency is acceptable, the 
filter 1 09 may he omitted and the output of the amplifier 1 07 connected to the input of 
the stage 1 15 so that first intermediate frequency filtering is performed by the on-chip 
filter 106. 

The output of the stage 1 15 is connected to a second image reject mixer which includes 
a local oscillator 1 14, a "hybrid" mash sigma-delta fractional N phase locked loop 
synthesiser 1 1 1 and an ADC. The local oscillator 1 1 4 supplies in-phase and quadrature 
local oscillator signals via a quadrature circuit QUAD to I and Q mixers 116. The 
outputs of the mixers 1 1 6 are connected to the inputs of adjustable 1 and Q gain stages 
117, whose gains are controllable via the bus 137. The outputs of the stages 1 17 are 
connected to a pair of programmable intermediate frequency all-pass Hilbert phase shift 
filters 118, whose outputs are connected via respective amplifier stages 1 19 to a 
summer 120. The characteristics of the filters 118 and the relative weightings of the I 
and Q signals applied in the summer 120 are adjustable or programmable via the bus 
137. 
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The synthesiser 1 1 1 is not a fixed frequency reference; instead, it is controlled via the 
bus 137 and allows any desired second intermediate frequency to be selected between, 
for example, 30 and 50MHz. In particular, in European television standards, the second 
intermediate frequency is generally between 32.25 and 39.25MHz whereas the 
corresponding US standard generally puts the second intermediate frequency between 
42.55 and 48 .25 MHz. by suitably programming the synthesiser 111, any second 
intermediate frequency within a relatively large range can be set according to the 
application of the tuner. 

The output of the second image reject mixer is connected to the input of an amplifier or 
buffer stage 121 which provides output characteristics suitable for driving one or more 
second intermediate frequency filters. The outputs of the stage 121 are connected to an 
on-chip second intermediate frequency filter 125 and to substrate connections for an 
external second intermediate frequency filter 124. The on-chip filter 125 has fixed 
characteristics whereas the off-chip filter 124 may be selected in accordance with the 
requirements of the particular application of the tuner. Each of these filters is of 
bandpass type with a centre frequency at the desired second intermediate frequency and 
a passband which passes the selected channel, possibly with frequency shaping 
appropriate to the modulation standard of the received signal, and substantially rejects 
all other channels in the output signal of the second frequency changer. The output of 
the on-chip filter 125 is connected via a variable gain amplifier 140 to an output 
connection of the integrated circuit for connection to one or more demodulators in 
accordance with the application. The internal or on-chip filter 125 is sufficient for 
many applications, such as a cable tuner where channel filtering may be completed in 
the digital domain following conversion of the output signal from the tuner in an 
analog-digital converter, for example within a demodulator integrated circuit. For more 
demanding applications such as terrestrial television, the external or off-chip filter 1 24 

may be used so as to provide higher selectivity and higher signal handling. The i 
integrated circuit has an input for connection to the output of the filter 124 and this 
input is connected via a variable gain amplifier 126 and an output buffer 1 27 to a further 
output of the tuner. As shown in Figure 6, the variable gain amplifier 126 is connected 
to receive an external voltage Vagc forming part of an automatic gain control 
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arrangement, for example controlled by a demodulator to which the tuner output is 
connected. The gain of the amplifier 1 40 may be controlled in the same way. 

The output of the stage 12 lis connected to a detector 122 for detecting the signal 
amplitude or level and for providing automatic gain control. The level detected by the 
detector 122 is supplied to a digital-to-analog converter 123, which supplies the 
corresponding digital code to the bus 137 so as to control the attenuation of the 
attentuator 1 02. However, the digital code is available, and the control input of the 
attenuator 102 is accessible, via the bus 137 to permit more sophisticated automatic gain 
control (AGC) strategies to be used if necessary or desirable. 

The synthesisers 1 1 0 and 1 1 1 are provided with a common frequency reference in the 
form of a crystal-controlled oscillator 113 connected to an off-chip 20MHz crystal 141. 
The crystal is provided with an on-chip capacative load trimming arrangement 1 14 
controlled via the bus 1 37. In particular, the capacative loading can be programmed so 
as to trim or align the frequency of the oscillator 113. 

The integrated circuit has formed thereon a temperature sensor 136, which monitors the 
substrate temperature and also gives an indication of the temperature of adjacent 
components, such as the external filter 109. A process control unit 131 performs 
various control operations including providing compensation for any change with 
temperature of the centre frequency of the filter 109. In particular, the unit 131 contains 
a look-up table comprising a compensation function for adjusting the synthesisers 110 
and 1 11 to compensate for any change in the centre frequency of the filler 109. 

The integrated circuit includes a random access memory (RAM) 1 33 and a read only 
memory (ROM) 134 connected to the bus 137. The RAM 132 contains alignment 
factors which are loaded on power-up of the tuner and which set up the tuner for 
optimal alignment for a particular tuner application. The ROM 133 contains, among 
other things, synthesiser programming data for the different television channels around 
the world. This reduces the burden on a base processor, which only needs to 
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communicate a channel number rather than the full register contents to the synthesisers 
HOand 111. 

The integrated circuit also comprises standard interface arrangements 134 and 135 
allowing the tuner to be controlled by conventional interconnections, such as I2C 
Three Wire and Bluetooth. In particular, the interfaces 134 and 135 provide serial to 
parallel interfacing between the parallel bus 1 37 and external serial buses. 

As described hereinbefore, the first intermediate frequency filter 1 09 may be of the type 
which passes only the selected channel or of the type which passes the selected channel 
and several adjacent channels. In embodiments of the tuner where the filter 109 passes 
several channels, the signal level monitored by the detector 122 is upstream or ahead of 
the single channel filtering performed by the filter 125, by the filter 124 (when present), 
and by any filtering in a demodulator to which the tuner is connected. The amplitude 
detected by the detector 122 therefore provides a better representation of the signal level 
present at the inputs of the various stages of the tuner and, particularly, the signal level 
at the input of the amplifier 103. The detector 122 is thus able to control the attenuation 
provided by the attenuator 102 so as to ensure that an appropriate signal level is present 
at the input of the amplifier 103. However, the various stages between the input and the 
detector 1 22 provide gains which vary as a result of manufacturing tolerances. The 
gains of various amplifier stages are therefore made programmable so that the gain 
structure of the tuner can be aligned according to the desired application. For example, 
the gains of the amplifiers 1 17 are programmable via the bus 137 and can be 
programmed in accordance with the desired gain structure during an alignment step 
forming part of the manufacturing process of the tuner. The signal level detected by the 
detector 122 then bears a well-defined relationship to the signal levels at the inputs of 
the various stages and the appropriate AGC control strategy can be adopted. For 
example, the attack and decay characteristics and the loop time constants of the AGC 
arrangement are programmable and can be selected in accordance with the tuner 
application 



ftm 2003-13441 1 



15 

The detector 122 may control other variable gain stages, such as the variable gain 
amplifiers 126 and 140. In general, "direct" control of the attenuator 102 is performed 
by the AGC control strategy whereas other stages are subjected to "delay" control. In 
other words, for increasing input signal levels, the detector 122 initially controls the 
attenuator 102 so as to reduce the signal level at the input of the amplifier 103 without 
controlling the gain of other stages. For signal levels higher than a predetermined 
threshold, which may or may not correspond to maximum attenuation provided by the 
attenuator 102, the detector 122 may then reduce the gain of other stages. The specific 
control strategy depends on the tuner application, for example whether digital or analog 
channels are to be received and whether the tuner is for terrestrial or cable systems, and 
can be programmed into the integrated circuit or selected from a plurality of strategies 
stored in the integrated circuit. For example, the AGC control loop may be arranged to 
limit the magnitude of the (multi-channel) signal present at the input of the second 
intermediate frequency filter 124 or 125 to a programmed level which represents the 
known maximum level that can be handled by the previous stages for the type of 
modulation of the selected channel. 

In the case of a tuner for receiving terrestrial signals and having a first intermediate 
frequency filter 109 which passes more than one channel, the signals present at various 
of the tuner stages may have a range of amplitudes as illustrated in Figure 1 . Thus, a 
channel may be selected for reception but one or more of the stages of the tuner may 
receive that channel together with adjacent or near channels of much higher amplitude. 
Providing automatic gain control on the basis of the signal level in the selected channel, 
for example by controlling this on the basis of the demodulated channel signal, could 
result in a gain structure such that undesirably high signal levels were present at various 
stages in the tuner. The performance of the tuner could therefore be very substantially 
degraded, for example with respect to cross -modulation and intermodulation. By basing 
the automatic gain control on the total signal energy in several channels including the 
selected one, the automatic gain control strategy can provide a more appropriate gain 
structure within the tuner so as to avoid undesirably high generation of cross- 
modulation and intermodulation products. This results in improved reception because 



mm 2003-134411 



16 

interference with the selected channel can be substantially reduced, even in the presence 
of adjacent and near channel signals of much higher amplitude. 

Both of the local oscillator arrangements 108, 1 10, 1 II and I 14 of the first and second 
frequency changers comprise fully integrated tuned oscillators with no external 
components being required. The fiTSt oscillator 1 08 1 1 1 0 is a stepped broadband 
oscillator capable of covering the tuning range from 1 . 1 to 2.2GHz. The second 
oscillator 111,114 has a narrower tuning range and is a quadrature oscillator providing 
two local oscillator signals in phase quadrature with respective to each other. The 
tuning range of this oscillator is required to be sufficicnti y wide to cover the ranges of 
fust and second intermediate frequencies in use around the world. 

A critical performance requirement of each of the oscillators is the amount of jitter 
which can be tolerated without impairing the subsequent demodulation process. The 
required performance depends on the class of modulation. For example, conventional 
analog vestigial sideband amplitude modulation can tolerate higher levels of jitter than 
digital modulation schemes such as 256 QAM used in digital cable networks. In fact, at 
, present, the most onerous requirement is for 256 QAM (quadrature amplitude 
modulation) because a large portion of the signal information is carried in the phase of 
the carrier and any jitter in the frequency changer oscillators is added to the wanted 
signal in the mixer stages. 

In order to remove excess jitter from the oscillator signals supplied to the mixers 1 05 
and 1 1 6, the phase locked loops 110 and 1 1 1 have a relatively broad loop bandwidth. 
However, a disadvantage of conventional broad loop bandwidth phase locked loops is 
the need for a higher reference comparison frequency in the phase detector of the loop. 
This results in coarser tuning steps in such a conventional phase locked loop. In 
particular, if the reference frequency is I MHz, the controlled reference is a multiple of 
1MHz so that the smallest incremental step size in tuning is also 1MHz. Although this 
may, tor some applications, be acceptable for the first frequency changer, such 
incremental steps are too coarse for the second frequency changer. Also, a 1MHz 
reference signal requires a multiple of 2000 when tuning the first oscillator 108 to 
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2GHz. This multiplication factor limits the phase noise of the controlled reference 
within the phase locked loop bandwidth to 66dB greater than the phase noise of the 
crystal-controlled oscillator 1 13, whose performance is typically no better than-150dB. 
The resulting phase noise within the phase locked loop bandwidth is limited to -1 50 + 
66 ** -84dBC/Hz, which is barely adequate for proper reception of 256 QAM signals. 

The synthesisers 1 10 and 1 1 1 thus employ fractional N techniques in order to provide 
sufficiently fine incremental tuning steps using a high frequency comparison reference 
in the form of a 20MHz crystal 141. In particular, the synthesisers 110 and 1 1 1 are 
sigma delta hybrid mash fractional N synthesisers. 

A disadvantage of conventional fractional N synthesisers is the increased spurious 
signal generation at the fractional comparison frequency. Sigma delta fractional N 
synthesisers use a sigma delta modulator to generate a dithered fraction partem having a 
dc component equal to the required tuning fraction but with high order sigma delta 
modulator noise shaping to the fraction. However, when simple fractions are used, such 
as a half; a quarter or several eighths, the error spectrum associated with the fractional 
dither pattern is concentrated into a few relatively strong spurious signals, for example 
as illustrated in Figure 7 for a fraction of four tenths. 

For less simple fractions such as 399 thousandths the spurious energy is more evenly 
spread across the frequency band as illustrated in Figure 8 and is more easy to manage. 
In particular, the possibility of the spurious signals reacting with a large unwanted 
channel at an offset frequency from the wanted channel similar to the offset of the 
spurious signal from the local oscillator can be greatly reduced. The difference between 
a fraction of four tenths and a fraction of 399 thousandths represents a fine tuning step 
of 20KHz when a 20MHz comparison reference is used and such a small offset from the 
desired first or second intermediate frequency has no substantial effect on the 
performance of the tuner. The synthesisers 1 10 and 1 1 1 may therefore easily be 
controlled by a suitable control strategy for avoiding simple fractions so as to provide 
improved performance. Simple fractions can be avoided by using line tuning of both 
synthesisers to select the wanted channels and avoiding simple fractions by 



«M 2003-13441 1 



18 

incrementing the tuning of one of the oscillators by a small step and applying the 
inverse increment to the other oscillator. 

As described hereinbefore, in one embodiment of the tuner, the filter 109 is arranged to 
pass a single channel and substantially to reject all other channels. However, the centre 
frequency of such a filter is subject to manufacturing tolerances and varies with the 
temperature of the filter. In order to compensate for this, the frequency changers are 
required to have fine incremental tuning steps and this may be provided as described 
hereinbefore. The synthesisers 1 1 0 and 111 can be programmed during tuner 
manufacture so as to ensure that the selected channel following conversion by the first 
frequency changer is centred on the actual passband of the filter 1 09 and likewise the 
selected channel converted by the second frequency changer is centred on the passband 
of the second intermediate frequency filtering. By physically arranging the integrated 
circuit and the filter 1 09 so that the temperature sensor 136 provides a reasonably good 
indication of the filter temperature, the variation of centre frequency of the filter 109 
with temperature can be compensated by adjusting the synthesisers 110 and 1 1 1 in 
accordance with the appropriate compensation function. For example, the variation of 
centre frequency with temperature maybe a reasonably accurately known function 
supplied by the filter manufacturer and the compensation function may be stored as a 
look-up table within the integrated circuit. Alternatively, one or more typical samples 
of the filter 109 maybe tested to determine the relationship between centre frequency 
and temperature and the resulting function or averaged function maybe used to generate 
the compensation function. 

It is thus possible to provide a highly integrated monolithic television tuner requiring 
very few external components and capable of providing acceptable performance with a 
wide range of types of input signals. The tuner can be programmed for optimum 
performance with any type of television signal from any source and is capable of 
complying with the television standards, such as intermediate frequencies, channel 
spacing and carrier frequency allocations, in use around the world. The very high level 
of integration results in reduced cost of manufacture . and reduced circuit board area 
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requirement so that the tuner is commercially acceptable even for highly cost-sensitive 
applications. 
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CLAIMS: 

1 . A television luner comprising: 

a radio frequency input for receiving a broadband input signal containing a 
plurality of channels; 

afirst frequency changer (105, 108, 1 10) for converting any selected one of the 
channels to be within a first frequency band containing a first intermediate frequency; 

a second frequency changer (1 1 1, 1 14, 1 1 6-120) for converting the selected 
channel from the first frequency changer (108, 110) to be within a second frequency 
band containing a second intermediate frequency; 

single channel filtering ( 1 24, 125) for passing the selected channel and for 
substantially rejecting all of the other channels; and 

a controllable attenuator (102) between the input and the first frequency changer 
(105, 108, 1 10), characterised by an automatic gain controller (122) for controlling the 
attenuator (102) in response to the amplitude of a signal upstream of the single channel 
filtering (124, 125). 

2. A tuner as claimed in claim 1 1 characterised in that the first and second 
frequency changers (105, 108, 110, 111, 114, 116-120), the attenuator (102) and the 
controller (122) are physically located on a single integrated circuit substrate. 

3. A tuner as claimed in claim 1 or 1 , characterised in that the upstream signal is an 
input signal to the single channel filtering (124, 125). 

4. A tuner as claimed in any one of the preceding claims characterised in that the 
attenuator (1 02) ie a stepped attenuator. 

5. A tuner as claimed in any one of the preceding claims, characterised by a first 
intermediate frequency filter (106, 109) between the first and second frequency 
changers (105, 108, 110, 111, 114, 1 16-120) for passing the selected channel from the 
first frequency changer (105, 108, 110) and at least one further channel adjacent thereto, 
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the upstream signal being downstream of the first intermediate frequency filter (106, 
109). 

6. A tuner as claimed in claim 5, characterised in that the upstream signal is 
downstream of the second frequency changer (111, 1 14, 11 6- 120). 

7. A tuner as claimed in claim 5 or 6, characterised by a second intermediate 
frequency filter (124, 125) downstream of the second frequency changer (111, 114, 116- 
120). 

8. A tuner as claimed in claim 7, characterised in that the second intermediate 
frequency filter (124, 125) has a frequency response for passing the selected channel 
from the second frequency changer (111, 114, 1 16-120) and for substantially rejecting 
all other channels converted by the second frequency changer (111, 114, 1 1 6-120). 

9. A tuner as claimed in any one of the preceding claims, characterised by a 
variable gain amplifier downstream of the second frequency changer (1 1 1 , 1 14, 1 16- 
120). 

10. A tuner as claimed in claim 9 when dependent on claim 2, characterised in that 
the variable gain amplifier is physically located on the substrate. 

11. A tuner as claimed in any one of the preceding claims, characterised by at least 
one stage having adjustable gain between the attenuator (102) and the single channel 
filtering (124, 125). 

12. A tuner as claimed in claim 1 1 when dependent on claim 2 or 10, characterised 
in that the at least one stage is physically located on the substrate. 

13. A tuner as claimed in claim 1 1 or 12, characterised in that Lhc adjustable gain is 
programmable. 
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14. A television tuner comprising: 

a radio frequency input for receiving a broadband input signal containing a 
plurality of channels; 

a first frequency changer (1 05, 108, 110) for converting any selected one of the 
channels to be within a first frequency band containing a first intermediate frequency 
and comprising a mixer (105), a local oscillator (108), and phase locked loop 
synthesiser (110); and 

a second frequency changer (111, 114, 1 16-120) for converting the selected 
channel from the first frequency changer (105, 108, 1 10) to be within a second 
frequency band containing a second intermediate frequency, 

characterised in that the synthesiser (1 10) is a hybrid mash sigma delta fractional 
N phase locked loop synthesiser. 

15. A tuner as claimed in claim 14, characterised in that the first and second 
frequency changers (105, 108, 110, 111, 114, 116-120) are physically located on a 
single integrated circuit substrate. 

16. A tuner as claimed in claim 14 or 1 5, characterised in that the second frequency 
changer comprises a mixer (1 16*120), a local oscillator (114), and a hybrid mash sigma- 
delta fractional N phase locked loop synthesiser (111). 

17. A tuner as claimed in any one of claims 1 to 13, characterised in that the first 
frequency changer comprises a mixer (1 05), a local oscillator (108) and a hybrid mash 
sigma-delta fractional N phase locked loop synthesiser (110). 

18. A tuner as claimed in any one of the preceding claims, characterised by a 
tracking radio frequency filter (104) between the input and the first frequency changer 
(105, 108, 1 10) for passing at least the selected channel in the broadband input signal. 

19. A tuner as claimed in claim 18, characterised in that the tracking filter (1 04) is a 
bandpass filter. 
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20. A tuner as claimed in claim 18 or 19, characterised in that the tracking filter 
(104) is a stepped tracking filter. 

21 . A tuner as claimed in any one of claims 1 8 to 20, characterised by a tracking low 
noise amplifier (103) between the input and the tracking filter (104). 

22. A tuner as claimed in claim 21, characterised in that the low noise amplifier 
(103) is a tracking tuned low noise amplifier. 

23. A tuner as claimed in any one of the preceding claims, characterised in that the 
first frequency changer (105, 108, 110) is an up-converter and the second frequency 
changer (111, 114, 116-120) is a down-converter. 

24. A tuner as claimed in claim 23, characterised in that the first frequency changer 
(105, 108, 1 10) is arranged to convert the plurality of channels in the broadband signal 
to a frequency range which is higher than the highest frequency of the broadband signal. 

25. A tuner as claimed in any one of the preceding claims, characterised in that the 
second frequency changer (111, 114, 1 16-120) comprises an image reject mixer (1 16- 
120). 

26. A tuner as claimed in any one of the preceding claims, characterised by a 
plurality of radio frequency inputs and a multiplexer (101) for connecting any selected 
one of the inputs for supplying a signal to the first frequency changer (105, 108, 110), 

27. A tuner as claimed in any one of the preceding claims, characterised in that the 
first frequency changer (105, 108, 1 10) comprises an image reject mixer (105). 
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ABSTRACT 
TELEVISION TUNER 

(Figure 6) 

A universal highly integrated television tuner is provided for receiving television signals 
of many different types and standards from terrestrial or cable sources. The input 
signals are supplied to an RP attenuator 102 forming pan of an automatic gain control 
loop. A tracking low noise amplifier 103 supplies the signals to a tracking filter 104. 
The filtered signals are supplied to a first frequency changer 105, 108, 110, which 
performs up-conversion to a high first intermediate frequency. The resulting signal is 
filtered before being supplied to a second frequency changer 1 1 1 -120 performing down- 
conversion to a conventional second intermediate frequency. The resulting signals are 
supplied to an automatic gain control detector 122 and to second intermediate frequency 
filters 124, 1 25. The detector 1 22 detects the signal level upstream of the single 
channel filtering 124, 125. Both frequency changers comprise image reject mixers 105, 
1 16 which receive local oscillator signals from tunable local oscillators 108, 1 14 
controlled by hybrid mash fractional N phase locked loop synthesisers 110, 1 1 1. 
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